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(54) Glycol solution drilling system 

(57) The invention provides water base well drilling 
and servicing fluids containing a biopolymer viscosifier 
and a water soluble polyalkylene glycol shale stabilizing 
additive therein having enhanced thermal stability, as in- 
dicated by the low shear rate viscosity at 0.06 sec" 1 , the 
enhanced thermal stability being provided by an amor- 



phous silica viscosifier therein. 

A method of enhancing the thermal stability of aque- 
ous base well drilling and servicing fluids containing a 
biopolymer viscosifier and a water soluble polyalkylene 
glycol shale stabilizing additive therein is disclosed 
which comprises adding to the fluid an amorphous silica 
viscosifier. 
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D scription 

BACKGROUND OF THE INVENTION 
1 . Field Of The Invention 

roooil This invention relates to well working fluids useful in drilling, completing, or workover of oil and gas wells, and 

1 J , „ .. nn i.iaiLrwieno n\\irr>\<* and one or more Dolvsac- 

specifically, to water-base flu 
charide viscosifiers therein. 



[0002] During the drilling of an oil and gas well, including drilling into a hydrocarbon-bearing formation and during 
conducting completion and workover operations in a well, it is essential to utilize afluid in the well bore > (.£. borehole) 

75 to minimize the effect of the fluid on the formations contacted by the fluid. See for example the paper by Enc van Oort 
entitled "Physico-Chemical Stabilization of Shales", Society of Petroleum Engineers (SPE) paper na 37263. 
[0003] Water based fluids containing various glycols and/or glycol ethers have been proposed, and are being used 
which have much better shale stabilizing characteristics than prior known water base fluids. S^^P^e fol- 
lowing references: Perricone et a... U.S. Patent No. 4,963,273; Enright et al., U.S. Patent No. S.^eaMe.ear et a. 

zo US Palenl No 5, 1 20,708; "Waler-Based Glycol Systems Acceptable Subslilule (or Oil-Based Muds , R. Bland, O.I & 
Gas Journal, June 29, 1 992, pp. 54-56, 58, 59; "TAME; A New Concept in Water-Based Drilling Fluids for Shates J. 
D Downs et al , SPE 26699; "Glycol-Enhanced Water-Based Muds: Case History To Demonstrate Improved Drilhng 
Efficiency in Technically Stressed Shales," A.J. Twynam et a.., IADC/SPE 27451; "Mechanism of Shale , Inhib.tion by 
Polvols I Water Based Drilling F.uid", P.I. Reid et al., SPE 28960; "Low Salinity Polyglyco. Water-Based Dniling Fluids 

2S as Alternatives to Oil-Based Muds", R.Q. Bland ct al., SPE/IADC 29378; "Low Salinity Polyglyc ol Watc --^sod Dnlhng 
Fluids as Alternatives to Oil-Based Muds", R. Bland et a.., IADC/SPE 26400; "Glycols Applied In A Broad Ra n ge of 
Drilling Fluids," S. Seaton, Hart's Petroleum Engineer International, March. 1997, pp. 57-59, 61, Improv.ng HTHP 
Stability of Water Based Drilling Fluids", Eric van Oort etal., SPE/IADC 37605. 

r00041 It is well known that certain biopolymer-containing fluids are shear thinning, exhibiting a high low shear rate 
so viscosity and a low high shear rate viscosity A near zero shear rate (0.06 to0.11 sec-1) viscosity provides a numerical 
value related to the ability of a fluid to suspend particles or cuttings under static conditions. Conversely, viscosity 
measured at shear rates above 20 sec"i relates to the hole cleaning capacity of a fluid under annular flow conditions^ 
Such fluids have been eminently successful for use in high angle and horizontal drilling. See ^example: (1) Dnll-ln 
Fluids Improve High-Angle Well Production", Supplement to Petroleum Engineer International, March, 199 5 _p_5-11 
35 and (2) "Soluble Bridging Particle Drilling System Generates Successful Completions m ^"SSSi^/S " 
voirs", J Dobson and D. Kayga, presented at the 5* International Conference on Horizontal Well Technology, Amster- 
dam, The Netherlands, July 14-16, 1993. _i f;Qri „ 
[0005] It is disclosed in Dobson, Jr. et al. U.S. Patent No. 5.616,541 to utilize an amorphous silica as a viscos ifier in 
calcium- and zinc-containing high density brine fluids. It is disclosed in co-pending United States patent application _of 
40 James W Dobson Jr et al. Serial No. 08/512,675 filed 08/25/95, to provide calcium- and z.nc-conta.n.ng brine flu.ds 
containing one or more polysaccharide polymer viscosifiers and an amorphous silica viscosifier therein. 
[0006] Dobson Jr. U.S. Patent 5.514,644 discusses the thermal instability of aqueous polysacchande^onta.n.ng 
fluids. 

45 SUMMARY OF THE INVENTION 

[0007] We have determinedthat the viscosity of aqueous base fluids having one or more polyglycols dissolved therein 
containing a biopolymer viscosifier decrease in viscosily, particularly low shear rale viscosity, upon aging the fluids al 

so ^00081* ThUs ? is arTobject of this invention to provide a method of enhancing the thermal stability of aqueous base 
well drilling and servicing fluids containing a biopolymer viscosifier and a water soluble polyalkylene glycol shale .n- 

roOOCrj It is another object of this invention to provide aqueous base well drilling and servicing fluids which contain a 
biopolymer viscosifier and a water soluble polyalkylene glycol shale inhibitor and which exhibit enhanced thermal sta- 
55 bility as indicated by the low shear rate viscosity of the fluid. 

[0010] It is still another object of this invention to provide well drilling and servicing fluids conta.n.ng a b.opolymer 
viscosif ier and a water soluble polyalkylene glycol shale inhibitor which exhibit enhanced thermal stabihty as measured 
by the low shear rate viscosity of the fluid and which exhibit a shale stability index of at least about 80, preferably at 
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least about 90. 

[0011] These and other objects of the invention which will be apparent to one skilled in the art upon readina this 
s P ec«f,cat.on are obtained by incorporating into the fluids a fumed silica viscosrfier in an amount sufficient to increase 
trie thermal stability of the fluids. 

w I hereafter be descnbed m detail and shown by way of example. It should be understood, however, that it is not 
tlTn, -JTI T enl !°u- 10 the particular ,orms disclosed . ^t. on the contrary, the invention is to cover all mod- 
S ° nS T a " d al,erna, ' v es fa"'ng wrthm the spirit and scope of the invention as expressed in the appended claims 
[001 3] The compositions can comprise, consist essentially of, or consist of the stated materials The method can 
» comprise, consist essentially of. or consist of the stated steps with the stated materials. 

DESCRIPTION OF THF PREFERRED EMBODIMENTS 

[0014] The method and fluids of this invention comprise adding an amorphous silica viscosifier to an aqueous base 
h T a '°T P h r,Sm9 •? b, ° p0 ' ymer viscosi,ier in a wa,er solu b'e polyalkylene glycol solution. The prior art fluids to which 
T1T P , 8 ?' S added,0enhancethetherma ^ 

polyalkylene glycol contam.ng a biopolymer viscosifier solubilized and/or dispersed therein 

n°°Jf KJ^ bi0p0,ymer viscosifi ^ useful in the practice of this invention is preferably a xanthomonas gum (xanthan 
gum). Xanthomonas gum .s available commercial It is a widely used viscosifier and suspending agent in a variety of 
Reor P ,Pn^° m0 ^ ^ fermen,alion of carbohydrate with bacteria of the genus Xanthomonas 

Representative of these bacteria are Xanthomonas campestris. Xanthomonas phaseoli. Xanthomonas mulvaceam 
Xanthomonas carotoe, Xanthomonas traslucens. Xanthomonas hederae, and Xanthomonas papavericoli The qum 
produced by the bacteria Xanthomonas campestris is preferred for the purpose of this invention. The fermentation 
usually involves inoculatmg a fermentable broth containing a carbohydrate, various minerals and a nitrogen-yieTding 
useT D U u e ^r m I 0, ( T° di,iCali0nS in ,hc '^mentation procedure and subsequent processing arc commercially 
different production lots of xanthomonas gum will have somewhat different solubility and viscosity properties Xan- 
™T c T a x h 9UmS „ U ' m PmC,iCe °' ,he Present inVen,ion are rela,ivel V hydratable xanthomonas gums ' 
[00 6] The colloid ,s a polymer containing mannose. glucose, glucuronic acid salts such as potassium glucuronate 
sodium glucuronate. or the like, and acetyl radicals. Other Xanthomonas bacteria have been found which produce the 
Nohm^^r Mr" ° f the , xan,han 9 ums and their derivatives can be used in this invention. Xanthan gum is a 
high molecular weight hnear polysaccharide that is readily soluble in water to form a viscous fluid 

Tal be u^inmT 7T S < ^ aC,i ° n °' ° ,her baC,6ria ' ° r fUn9i ' on a PP~P^ a te fermentation mediums 

™ y rfl b ' USd thS flU 'f h ° f the Present inven,ion provided that the V ^Part the desired thermally stable rheoloqical 
specSaton" ^ ^ de,e,TTlined by ° ne skilled in the art in accordance with the teachings of tnTs 

oTSS oJoV^rt* E°T er " 1 T^f 10 mean 3n eXCe " Ular P°'y saccharid ^ °f hi9h molecular weight, in excess 
of 500.000. produced by fermentation of a carbohydrate source by the action of bacteria or fungi. Representative 
RZ°T' Sm H J"! 6 96nUS Xan,homonas - Pseudomonas. Agrobacterium, Arthrobacter. Rhizobium. Alcaligenls 
!nd NCiR SC ' er0l,Um A ,f uccin °9 f ucan type polysaccharide produced by microorganisms such as NCIB 11592 
as Actfgum CS 6 D F COmmerC,a " y aVa " ab ' e A schle ">glucan gum is commercially available from SanofiBio^ndustries 
[0019] The water soluble polyalkylene glycol useful in the practice of this invention is generally selected from the 
n^r° n T ng °' P °' ye,hylene 9lycols ' Polypropylene glycols, polytetramethylene glycols, ethylene oxide-propy.ene 
e hvLneoT 6 "; "T" 6thylene ^ alCOh °' ini,ia,ed pr ° Pylene oxide P°*™». "Sa«ed 

abouf in nnn p' riT' T ™ ' he P^'^'ene B*** ^ a molecular weigh, from 100 to 

foaboun^ 00 7 f \ ,hep °' ya,kylene 9' yco1 is a P°'yethylene glycol having a molecular weigh, from about 1000 
toabou. 10.000, most preferably from about 4000 toaboul 10,000. Mix.uresof a polyethylene gk-col having a mo.ecular 
we.ght from about 1 000 to about 1 0,000 wrth lower molecular weight water soluble polyalkylene glycols, such as tripro- 
pylene glycol, have particular utility in the fluids of this invention 

[0020] The amorphous silica viscosifier. as known and accepted in the art is derived either by a liquid phase or a 
vapor process. Silicas obtained by the vapor process are called fumed or pyrogenic silicas. Products obtained by the 
liquid process arc categorized as silica gels and precipitated silicas 

[0021] Silica, to be an effective thickening agent must be of a fine size. By fine size is meant that the silica must be 

in a parole ""range of '«« than 1 00 mil.imicrons. These silica materials may either initially be of this small particle 

io e ■ f bein9 , eaSily dea 99' e 9 a »ed or disintegrated to this small particle s,ze when mixed into the liquid 

1 In ^ " S 3 ,h ' CkenerS h3Ve 9enefa " y b6en produced by P yro 9 eni <= techniques These s.Mcas 

are the thermal decomposition silicon product of silicon tetrachloride. A prime characteristic of these pyrogenic silica 
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materials is that they are loosely aggregated to about a 0.5 to 5 micron size, but which when mixed into a liquid readily 

Ste size range of 0.5 to 5 micrometers. It is readily deaggregated under conventtona. mixing to partde s zeaof 
less than 100 millimicrons A commercially available precipitated silica v.scosif.er » HI-SIL T-60^a p oduc of PPG 
Industries, Inc. It has an average ultimate particle size of 21 millimicrons and an average agglomeration s.ze of 1.6 
microns (micrometers). 

F00241 The pyrogenic, fumed silicas are preferred. . , ^ ltK ,^ o oar 

0025 The Suids of this invention optionally, but preferably, contain one or more f.u.d loss control addles, a par- 
Si bridging agent, and an alkaline buffer compound. The preferred f.uid .oss control ^£ ub|e 
[0026] Po^meric fluid loss control additives used in well drilling and servicing fluids are ^ e ^' s ^ 
powers including pregelatimzed starch, starch derivatives, cellulose derivatives, lignoceUubse denva Ave* and « yn- 
fheUc polymers. Representative starch derivatives include: hydroxyalkyl starches such as ^ mK ^^'£^ 
voroovl starch hydroxypropyl carboxymethyl starch, the slightly crosslinked derivatives thereof, and the like, car 
DoZethy^rTa^e^BhUy crL.mked derivative, thereof; cationic starches such as the ternary amino^yl 
eSer^anves of starch, the Slightly crosslinked derivatives thereof, and the like. Representative ce.lulosederivatve^ 
fnctde low molecular weight carboxymethyl cellulose, and the .ike. Representative 

,he a.kal, metal and alkaline earth metal salts o( lignosulfonic acd and graft copolymers thereof. Representative syn 
thetic polymeis include v.nyl sulfonate copolymers, and polymers containing other sulfonate monome's. _ 
SStj "he prelerred po.ymenc fluid bss control additives used in the invention are the starch ether denvat.es such 
IVhydroxyethyl starch, hydroxypropyl starch, dihydroxypropyl starch, carboxymethy. starch . hydroxyalkyl carboxyme- 
thyl starch and cationic starches, and the slightly crosslinked derivatives of these starch ethers 
0028] Preferably the polymeric fluid loss control additive is a starch other dcr.vat.vc wh.ch has boor s^hty 
Snked. such as with epich.orohydrin. phosphorous oxychloride, soluble trimetaphospha «■ 
acd anhydrides, M.Ni-methylenebisacrylamide. and other reagents containing two « ^T e ^2 
are able to react with at least two hydroxyl groups. The preferred crosslink.ng reagent is ep.chlorohydnn. Generally 

per 200 to 1000 anhydroglucose units. The crosslinking may be undertaken before or after the starch s derrvatjed 
AddU.ona.lv the starch may be modified by acid or enzyme hydrolysis or oxidation, to provide a lower modular weighty 
^^Z^mIzb* starch po,ymer for derivatization. Alternatively, the starch ether ^^^^2,2 
acd hydrolysis or oxidation to provide a lower molecular weight starch ether derivative^ The ^book enMted Wtodjed 
Starches: Properties and Uses," by OB. Wurzburg, 1 986 (CRC Press. Inc., Boca Raton. Florida, U.S.A.) * an excellent 
source for information in the preparation of starch derivatives. nartir \ P S i 7e dis- 

f0029] As indicated, the preferred fluids of this invention contain a part.culate bridging agent Jhe part.e e size d.s 
nbuton of the bridging agent must be sufficient to bridge across and seal the pores in the subterranean fcrmat.ons 
con cte b Mhe fS. The range of sizes should include some very fine particles and some partic.es large i enough 
to br.dge the largest pores of substantially a,, permeable earth formations other than those wh.ch ^^f ^ 
lost c.rculat.on problems. Such "very fine" particles preferably have sizes of from about 0 .01 to about 2 micros (m. 
crometers)andsuch"bridgingsize- P a rt icles preferably havesizesfromabout2m l cronsto.es^ 
The very fine panicles will help to decrease the permeability of the filter cake as soon as it starts to lorm. Th.s results 
in extremely thin filter cakes deposited by the fluids of this invention. 

100301 The amount of particles and the size distribution and range of the particles should be such that the mud 
. Zn\*e ™l7o< formation by whole fluid while a f.lter cake ,s be.ng formed) , relatively low. The mud spurt 
. s P ,ow when the f.uid contains an adequate distribution of particle sizes in the bridging s.ze and an ad equate 
total proportion, in the order of at .east one percent by weight, of solid particles. The bridging agent must not be soluble 

?0031] ,U Representative acid soluble bridging agents include calcium carbonate, dolomite (calcium/magnesium car- 
o bonate). iron carbonate, and other carbonates, as well as water insoluble metal oxides °r rrydro^ 

[0032] Optionally, but preferably, the fluids of this invention contain an alkaline buffer The alkaline buffer rnay be 
any alkaline particulate material having a low water solubi.ity which will react with acds to ^.^^^ 
f Jds Representative alkaline buffers are magnesium oxide, calcium oxide, zinc ox.de. ca.cnod do lomite, magncs urn 
hydroxide cateium hydroxide, zinc hydroxide, hydrated dolomitic lime (^^^r^ fl ^^ ^3 
s preferably zinc oxide or magnesium oxide. Most preferably the buffer is magnesium ox.de. The flu.ds should exhibit a 

dH in the ranae from about 7.0 to about 11.0 

P 0033] The fluids of this invention may contain any of the known water insoluble weighting agents known in the art 
to impart the desired density thereto 
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[0034] The fluids of this inv ntion may contain low cone ntrations of water soluble salts which enhance the shale 
Thpo^ Ch r Ct8r,S,CS °' f ' UidS Pr6,erred are P ° teSsium satts - P^ cuter| y Potassium phosphate 

lium rS ;£ f ' Um T P ° ,aSS L Um aCeta,e ' P°^ssium carbonate, potassium bromide, potassium nitrate, potas- 
S, T fh T 55 '^ f ° rma,e and Potassium chloride. Other alkali metal salts such as sodium and cesium salts 
similar to the potassium salts (i.e.. with the same anion) may also be used 

fn^L Tt ! 6 COn h Ce " ,r i ati ° n f S ° IUDle S3lt ^ can be incorporated into the fluids of this invention is dependent upon 
aZTne a T<H°r * T ^ 7* ^ PreSen{ h the ,luid ' and °" ,he concentration of the poly- 

llTj y 

gfycol increases, the concentrate of the water soluble salt which can be present in the fluid decreases Too high a 
ofjal. which the flu,d can contain can be readily determined by one skilled in the art using well-known industry proce- 
[0036] The Shale Stability Index of the fluids of this invention can be further increased by the addition of various low 

r r r b a wT 9 i P , ' S , 10 T fl r idS " SUCh ,0r eXamp,e - IOW molecular wei 9 ht Po^lkylene glycols (as d sclosed 
hereinbefore), alkylene glycols, glycerin, polyglycerin, and the like 

SfSn °* ' hiS inV6nti0n haVe eXCe " ent environ ™ntal characteristics, exhibiting a LCe- greater than 

WW ThT TJZTT" ^ Dril,in9 RUid TOXiCrtV 96 - h ° Ur Ran 9- F ^-g Test with Mysidopstsbahia ship 
™ 3 I ™° ™2* V 'Z 030 be practiced addin 9 ^ amorphous silica, preferably a fumed silica, to an 
ZTn< ,h , h T T SerV ' C,n9 f ' Uid C ° n,ainin9 3 bi °P°'y mer ™cosifier and a water soluble polyalkylene 
s 9 La can be IZl TT M ° M * lhe biop °'* mer • ™*» polya.kylene glycol, and the fumed 

r^ZZT k * ° 30 aqUe ° US f ' Uid t0 Prepare 3 fluid which exhibits enhanced thermal stability as 

basTacua \ IT 'nf" 5 °° amw P hou8 silica Preferabl V *e biopolymer is dispersed and hydrated in the 
base aqueous fluid before adding the polyalkylene glycol thereto 

S^S T T inVen , ,io " Wi " be unde ^ood in light of the following specific examples, which are merely illustrative and 

rn^m ? „° COns,rucd as l,mitin 9 ,ho invonti °" any respect, as will bo evident to those skilled in the art 

[0040] In these examples and this specification, the following abbreviations may be used- API = American Petroleum 

TmZm 2 TT barre,; lbm/bbl = pounds per barre| ; *" = -eters »F = TZTZZt7 

1 T ~ 9ram CUb ' C mSter; PV ~ API p,as,ic viscosit V in centipoise; YP - API yield point in pounds 

low shear rate viscosity a, 0 3 revolutions per minute. 0.06 seen in centipoise; SSI = Thale Stability Index- HTHP 
m£ r tT T h,9h pressure; PEG = Polyethylene Glycol: M.W. = molecular weight; wt. = weight: vol = volume 
[0041] The Plastic v,scos.ty, yield point, and gel strengths were obtained by the procedures set forth in API's Rec- 
ommended Practice 1 3B-1 The LSRV was obtained for the fluids using a Brookfie.d Mode. LVTDV-I viscomete havfng 
iroT Z LSRv L at h i reV0 ' t U h ,i0nS minUte ' LSRV " indiCa,tVe °» the SUSpenSi ° n Praperties ofThelid, t e 
blowing procedule " SUSPenS '° n ° f S °"' dS " flUid - The Sha ' S Stabili * ,ndex is obtained ^ the 

SHALE CORE PREPARATION 
[0042] 

1 . Add 1 0.0 grams of salt to 300 ml of tap water in a Waring blender and stir until dissolved 

2. Add 100.0 grams of Pierre shale to the NaCI slurry. 

3. Shear the slurry on the Waring blender for 4 minutes 

a D !ln P nn,n 0 ,h ble ", ende o 1 Cement CS " ^ ,il,er P3per and a Coarse screen " Pour «" e slurrv ™° cell and place 
a piston onto the slurry. Place the cell in an HTHP heating jacket at room temperature, and apply 1000 psi to the 
slurry to filter the liquid portion. The cell needs to remain on for a minimum of 48 hours 
5. Remove lhe reconsliluted shale core Irom the cell. Break the core down into 19.0 and 1 9.5 gram samples 

20 000^7 rJT" l Mef P f ^ l ° b ° th Sid6S ° f the Sha ' e " 3 CarV6r Press die assemb V and then press at 
20^000 ps.. Remove the core from the assembly and place in 1 1/8 inch pvc plugs (core holder) 

7. Press the core into the pvc plugs on the Carver press at 1000 psi. 

8. Shave lhe excess shale off the tope of the cores. 

9. Place tho shale cores into an oven at 150°F for 4 hours. 

loo °T S in 3 desiccator containing saturated sodium formate with a relative humidity between 60% and 
63%. The samples are left in the desiccator for a minimum of 48 hours. 
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[0043] 

1 The shale cores are removed from the dessicator and placed on the base of a Penetrometer • ™« 

depth gauge of the penetrometer are lowered 38 mm (380 rds) to near the top of the core sample. A UNIVERSAL 
PRECISION Penetrometer with a 25 mm width, 2.77 mm length, 45 g cone is used 

2 The cone is set with the adjustment screw assembly to become flush with the surface of the core. The shale .. 
now zeroed with the cone. The cone and the depth gauge are raised to the top position. 

o ^ The lever (clutch) is then released, dropping the cone. The depth gauge « lowered until the gauge stops and 

the SL readLg^e^ded This procedure i S 9 repeated twice more, and the average of the three read.ngs are 
calculated. This is the initial penetration depth. 

5 "TaCle'sTactd ,o aja, ,,d »i,h silfcone and aged a minimum o. 1 5 minu.es .or .he tfton. to = 

6 fZ Smp.e is added ,o a ]a, and ,he ia, lid tfth the con, Is screwed on .igh,,y The ,a, . place ,n a roller 

rTh e a, sampla .he rolle, oven and k ep. inverted so ,he shale remains submersed ,n,he Nu,ds un.i, 

™ed core is paced „ ,he base o, .he pene,rome B r. A pap., ,o»e, is used ,o .10, o« 

?o any excess fluid on top o. the core sample. 

9. Steps 1-3 are repeated to determine the final penetration depth. 

10. The formula for SSI values is as follows: 

(210- final penetration depth) (iqq) 
2S (21 0- initial penetration depth) 

hydroxypropyl starch as set forth in Dobson, Jr. et al. U.S. Patent No. 4,822,500. 
Example 1 

rndt^SI) of the Suids was evaluated initially. The data obtained are set forth in Table A. Fluid 1 , which contains no 
40 PEG 8000, is not an example of the invention. 

Comparative Example 1 

[0047] Fluids were prepared as in Example 1 except that no fumed silica was incorporated into the fluids. The data 

[o^he f.uids by the incorporation of the fumed silica therein, as evidenced by the rheolog.ca. characteristics of the fluids, 
particularly the LSRV. 

so Example 2 

[0049] Fluids were prepared containing 0.98 bb. (0.1558 m*) of a 10.7 volume % PEG 8 000 so.uti °^ J^ 5 'bm/bb. 
357 ' kq/m3) xanthan gum. 1.0 Ibm/bbl (2.85 kg/m^ fumed silica, 3.75 Ibm/bbl (10.71 kg/rt^) Modif.cd Starch I, 20.3 
Ibm/bbS 86 T^) sized calcium carbonate, and 1.0 Ibm/bbl (2.85 kg/m^o, the water soluble salts setforth 
ss B. The fluids were evaluated as in Example 1 and the data obtained are set forth ,n Table , B _ DOtassjurn 
rOOSOl The data indicate that the dibasic potassium phosphate, potassium citrate, potassium acetate P^ a ^'" m 
S,e and potassium bromide increased the shale stability index of the fluids The potassium chloride, although 
increasing the shale stability index, completely destroyed the fluid upon hot rolling at 1 50 F 
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rrdrrir^^ 

[0052] T ^««ca,a,ha e xcal,an,,her m a, S ^ 

u 

Example 4 

!?S powene «*«»» « ««■ * «* 

kg/m 3 ) Modified Starch 

silicone Wo.Lt. add mi SSiatol^l'",,'.!* Ca '°" ,m ° a,bona "' 0 06 »*«" «"»'« ™ J > 
Example 5 

[0054] Fluids were prepared containing the concentrations of 9 24 volume «y PFft flnnn = h . 

ate, and 1.0 Ibm/bbl (2 855 kq/m3> fumed ciiirL th! ft T (51 4 k 9/171 > SIZed calcium carbo( > 

forih in Tabic E. ^ > 3 ^ Were 6Va,Ua,ed as in Exam P |e 1 The data obtained are set 

[0055, The data .ndicate the excel.en, therma. stabilfty and sha.e stabi.izing characteristics of the fluids o, this inven- 

Example 6 

[0056] Fluids were prepared containing the concentrations of 9 24 vol % PEG 8000 «*>i„ti«n 

Son 7 " 8 a9ain "* a,e e,,<:e " M ,hama ' SUM «V and shale s,= M iz,„ 9 characa^es o, ,ha ,,b,ds d «* 
Example 7 

Mod ttied «_ no. 2 s e , ,od„ STrrrssr 4 MM,ied s,arah n ° 1 a - d 



Table A 



3 75 lbm/bbl ■*«""«. Starch ,, 1.25 Ibm/bbl XanthanGum, 20.3 Ibm/bb, Sized C a C0 3 . 1.0 IbnVbbf Fumed Silica 
Indicated Quantity PEG 8000 



Fluid 



_PEG8000, 
Ibm/bbl 
PEG 8000, 



25 
2.8 



INITIAL PROPERTIES 



150 
16.8 
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3. 75 , bmm Mo^d S,a t cn ,. 1.25 ,br*b, Xa*a„ *- 0aCO » " ■""» ™" "- 
I ndicated Quantity PEG 8000 

k- , : i , I » I 4 I 5 | . |_^_J 


SSI 
LSRV 


31500 
30000 


45 

30000 


IMITlAl PRf 

B2.6 
28200 


)PERTIES 
87.2 
31100 


89.3 
21800 


91.3 
33600 


92.0 


API 

Rheology 
















PV 
YP 

10710" 


9 
17 

12/22 
10/11 


9 
16 

8/9 


29 
24 

11/14 


40 
28 

11/16 
JRS HOT RO 


66 
30 

12/16 
.LING AT 150° 


86 
54 

13/17 

F 


43 
26 


pH 

LSRV 


P 

7.5 
15200 


ROPERTIES / 
8.0 
16000 


J.FTER 16 HO 
8.0 

31400 


7.9 

30700 


7.7 
26200 


7.7 
29300 




API 

Rheology 
















PV 
YP 

10710" 
Gels 


6 
15 
7/8 


9 

16 
8/11 


23 
23 

11/15 


38 
23 

11/15 
T ROLLING 


59 
30 

12/16 
T 150°F 


92 
33 

12/17 




ALSRV, 

% 

APV. % 
AYP. % 


-52 

-33 
-12 


CHAN 

-20 
0 

+12 


GE UPON HC 
+11 

-21 
-4 


-1 

-5 
-18 


+20 

-8 
0 


-13 

+7 
-39 





•Fluid unstable 



45 



SO 



8 



EP0 921 171 A1 



Comparative Table A 
, 3.75 Ibm/bbl Modified Starch I, l .25 Ihm /bbl Xanthan n« m on , 

Sized CaCOs, Indicated Q uantity PF.fi snnn 
Fluid _l 2 _J__ _j 

PEG 8000, Ibm/bbl" 0 25 50 75 

PEG 8000, vol. % - 0 2.8 5.6 8 



5_ 

1 00 
H.2 



6 
125 
14.0 



7 
150 



INITIAL PROPERTIES 



P H 

LSRV 
API Rheolnpy 
PV 
YP 

10'VIO' Gels 



9.1 


8.25 


7.62 


7.33 


7.30 


7.14 


7.8 


2IJ00 


24,800 


33,900 


28,800 


30,500 


27,900 


27,800 


6 


10 


18 


32 


47 


61 


71 


13 


18 


38 


22 


29 


28 


27 


6/7 


10/11 


14/15 


11/13 


13/15 


13/14 


8/9 



7/7 



7/8 



_ CHA NGE 1 1PQN HOT Ror L]NG AT 1 sn° F 



ALSRV, % 


-63 


-52 


-61 


-25 


-36 


-73 


APV, % 


-17 


-20 


-40 


-41 


-34 


-31 


AYP, % 


-8 


-22 


-53 


-53 


-31 


-36 




6.76 


6.81 


7.43 


21,700 


1 9,400 


7600 


19 


31 


42 


17 


20 


18 



Tluid unstable 



ss 
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Table B 



0.98 bblof 10 


.07 Vol. % PE 
C 


3 8000, 3.75 I 
;aC0 3 , 1.0 lb 


bm/bbl Modifi 
n/bbl Fumed 


3d Starch I, 1.2 
Silica, 1.0 lbm/l 
4 


5 Ibnrvbbl Xanth 
bbl Inorganic Sa 

5 


an Gum, 20.3 It 
It 

6 


m/bbl Sized 
7 


Fluid 

Inorganic 

Salt 


1 

None 


2 


3 

K Citrate 


K Acetate 
PROPERTIES 


K2C03 


KBr 


KCI 


pH 

LSRV 


8.7 

90.3 

41000 


8.7 

96.6 

33300 


INITIAL F 

9.4 
94.8 
36700 


8.8 

91.4 

40300 


10.9 
96.5 
44300 


7.8 

94.3 

36800 


8.0 
92.0 


API 

Rheology 
















PV 
YP 
107 
10' Gels 


56 
37 

13/18 


36 
31 

12/16 


45 

14/19 


53 
35 

14/19 
HOURS HOT F 


59 
41 

16/21 
POLLING AT 15 


47 
32 

14/19 

D°F 


42 
29 

12/15 


pH 

LSRV 


35600 


PROPERTIE 
8.6 

25700 


S AFTER 16 b 

8.8 
34400 


7.5 
35500 


10.8 
36200 


7.3 
34500 


7.7 
400 


API 

Rheology 
















PV 
YP 
107 
1 0' Gels 


42 
30 

14/18 


30 
26 

11/15 


48 
31 

15/19 


54 
29 

13/18 


57 
32 

15/19 


58 
34 

14/19 


15 
5 

3/3 



0.98 bbl of 9.24 Vol. % PEG 
MgO, 20 Ibm/bbl Size 


8000, 1 .25 Ibm/bbl Xanthan 
d CaC0 3 , 1 .0 Ibm/bbl K 2 HPC 


Gum^e.O Ibm/bbl Indicated St 
) 4 , 1 .0 Ibm/bbl Fumed Silica, C 
2 


arch Derivative, 1 .0 Ibm/bbl 
.06 Ibm/bbl Detoamer 
3 


Fluid 

Starch Derivative 


1 

I 


II 

30PERTIES 


III 


pH 
SSI 
LSRV 


INITIAL P 

100 
95.8 
39700 


10.0 
94.5 
39400 


10.1 
95.4 
41700 


API Rheology 
PV 
YP 

10710' Gels 


37 
28 

13/17 


34 
29 

12/18 


38 
34 

12/13 




PROPERTIES AFTER 16 HOURS HOT ROLLING AT 150 


°F 


pH 

LSRV 
API Rheology 


10.4 
30100 


10.2 
25700 


10.6 
30100 


PV 


37 


33 


39 
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Table C (continued) 





0.98 bbl ol 9 24 Vol % PEG 8000. 1 .25 Ibm/bbl Xanthan Gum, 6.0 Ibm/bbl Indicated Starch Derivative, 1 .0 Ibm/bbl 
MgO. 20 ibm/bbl Sized CaC0 3 , 1.0 Ibm/bbl K 2 HP0 4 , 1.0 Ibm/bbl Fumed Silica, 0.06 Ibm/bbl Defoamer 


5 


Fluid 


1 


2 


3 




API Rhoology 










YP 

lOViO'Gels 


31 

13/18 


30 

12/16 


29 

13/18 



Table D 





0 96 bblol iho Indicated PEG Solution, 1 .25 Ibm/bbl Xanthan Gum. 3.0 Ibm/bbl Modified Starch I, 1 .0 Ibm/bbl Fumed 
Silica. 1 0 Ibm/bbl K,hpo 4 20 Ibm/bbl sized Calcium Carbonate, 0.06 gal/bbl Silicone Defoamer, and the Indicated 
Concentrations of Magnesium Oxide, Dipropylene Glycol (DPG), and PEG 8000 




Fluid 


1 


2 


3 


4 


5 


6 


7 




PEG 
Solution 


















PEG M. 
W. 


4600 


4600 


4600 


4600 


1450 


1450 


1450 




PEG. % 
by wt. 


22 2 


22 2 


22.2 


22.2 


30 


30 


30 


25 


DPG. % by 
vol. 

MgO. IbrrV 
bbl 


0 


3 
1 


0 
1 


3 
1 


3 
2 


0 
1 


3 
1 


30 


PEG8000. 
Ibm/bbl 


0 


0 


25 


25 


0 


25 


25 




Shale 

Stability 

Index 


82.2 


91.8 


94.0 


94.4 


84.3 


89.6 


93.8 



35 



Table E 



40 


0.49 bbl ot 9.24 Vol. % PEG 8000, Indicated Concentrations of Water and/or Glycerin, 1.0 Ibm/bbl Xanthan Gum 
4.0 Ibm/bbl Pregelatinized Potato Starch, 1.0 Ibm/bbl Magnesium Oxide, 1.0 Ibm/bbl K 2 HP0 4 , 18.0 Ibm/bbl Sized 
Calcium Carbonate, and 1.0 Ibm/bbl Fumed Silica 




Fluid 


1 


2 


3 




Water, bbl 
Glycerin, bbl 


0.49 
0 


0.33 
0.16 


0.245 
0.245 


45 


INITIAL PROPERTIES 




pH 
SSI 
LSRV 


9.1 

93.3 

69,400 


9.3 
95.6 
60,700 


9.1 

97.6 

65,300 


SO 


API Rheology 










PV 
YP 

10710" Gels 


37 
38 

14/18 


51 
43 

15/20 


64 
46 

17/22 


55 


PROPERTIES AFTER 16 HOURS HOT ROLLING AT 150 


F 




PH 


10.3 


,7 


9.5 
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Table E (continued) 



0 49 bbl of 9 24 Vol. % PEG 8000, Indicated Concentrations of Water and/or Glycerin, 1 .0 Ibm/bbl Xanthan Gum, 
4^0 Ibm/bbl Pregelatinized Potato Starch, 1 .0 Ibm/bbl Magnesium Oxide, 1.0 Ibm/bbl K 2 HP0 4 , 18.0 Ibm/bbl Sized 
Calcium Carbonate, and 1 .0 Ibm/bbl Fumed Silica 


Fluid 






* 




3 




PROPERTIES AFTER 16 HOURS HOT ROLLING AT 150 


°F 




LSRV 


48,800 


57,200 


64,300 


API Rheology 








PV 
YP 

10710' Gels 


31 
39 

15/19 


57 
50 

18/23 


75 
55 

20/24 



Table F 



Indicated Concentrations of 9.24 Vol. % PEG 8000 and a Mixture of Dipropylene Glycol and Tnpropylene Glycol, 
3.75 Ibm/bbl Starch Derivative No. I. 1 .25 Ibm/bbl Xanthan Gum, 1 .0 Ibm/bbl K 2 C0 3 , 1 .0 Ibm/bbl Fumed Silica and 
20.3 Ibm/bbl Sized Calcium Carbonate 


Fluid 


1 


2 


3 


4 


9.24 Vol. % PEG 
8000, bbl 
Di-Tri Glycol, bbl 


0.96 
0.02 


0.95 
0.03 


0.94 
0.04 


0.93 
0.05 


INITIAL PROPERTIES 


PH 
SSI 
LSRV 


10.92 
95.2 
31,000 


10.87 
95.6 
30.700 


10.66 
95.8 
30,600 


10.25 
97.4 
32,500 


API Rheology 










PV 
YP 

10710' Gels 


55 
39 

14/20 


54 
41 

14/18 


60 
37 

14/20 


60 
41 

14/18 




PROPERTIES AFTER 16 HOURS HOT ROLLING AT 150°F 


pH 

LSRV 


10.65 
26,300 


10.69 
22,600 


10 58 
24,900 


10.87 
28,200 


API Rheology 










PV 
YP 

10710' Gels 


54 
33 

13/17 


59 
32 

12/15 


59 
36 

13/17 


65 
38 

13/17 



Table G 

0 98 bbl of 9.24 Vol. % PEG 8000, 1 .25 Ibm/bbl Xanthan Gum, 2.0 Ibm/bbl MgO, 1 .0 Ibm/bbl K 2 HP0 4 , 20 Ibm/bbl 
Sized CaC0 3 , 0.06 gal/bbl Silicone Dofoamor, and tho Indicated Concentrations of Fumed Silica, Precipitated Silica, 
Modified Starch No. 1 and Modified Starch No. 2 



Fluid 


1 


2 


3 


Fumed Silica, Ibm/bbl 


1.5 


1.5 


0 


Precipitated Silica, Ibm/ 


0 


0 


4.5 


bbl 
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Table G (continued) 



5 


0.98 bbl of 9.24 Vol. % PEG 8000, 1.25 Ibm/bbl Xanthan Gum, 2.0 Ibm/bbl MgO, 1.0 Ibm/bbl K 2 HP0 4 20 Ibm/bbl 
Sized CaC0 3 , 0.06 gal/bbl Silicone Defoamer. and the Indicated Concentrations of Fumed Silica, Precipitated Silica, 
Modified Starch No. 1 and Modified Starch No. 2 




Fluid 


1 


2 


3 




Modified Starch No. 1 , 
Ibm/bbl 


0 


3.5 


3.5 


10 


Modified Starch No. 2, - 
Ibm/bbl 


0 


3.5 


35 




INITIAL PROPERTIES 




15 


pH 
SSI 
LSRV 


8.47 
88.8 
36,690 


9.79 
97.2 
53,090 


10.16 
41,900 




API Rheology 








20 


PV 
YP 

10V10' Gels 


30 
26 

11/12 


41 

33 

13/14 


45 
33 

12/13 




HTHP Filtrate 








25 


Spurt, cc. 

30 Minutes, cc 


3.0 
16.0 


3.0 
18.5 


3.5 
22.5 




PROPERTIES AFTER 16 HOURS HOT ROLLING AT 150° 


F 




PH 

LSRV 


7.13 
25,700 


10.51 
26,700 


9.88 • 
46,000 


30 


API Rheology 










PV 
YP 

10710' Gels 


21 
28 
10/11 


42 
38 

12/13 


47 
35 

14/15 



35 



1. A method of cnhanc.ng the thermal stability of an aqueous base woll drilling and servicing fluid containing a bi- 
opolymer v.scosifier and a water soluble polyalkylene glycol shale inhibitor which comprises incorporating into the 
fluid an amorphous silica viscosifier in an amount sufficient to increase the thermal stability of the fluid as measured 
by the low shear rate viscosity of the fluid at 0.06 sec" 1 . 

2. The method of claim 1 wherein the concentration of the polyalkylene glycol is sufficient to provide the fluid with a 
Shale Stability Index of at least about 80. 

3. The method of claim 1 or claim 2 wherein the polyalkylene glycol is a polyethylene glycol. 

4. The method of claim 3 wherein the polyethylene glycol has a molecular weight from about 1000 to about 10000. 

5. The method of any preceding claim comprising incorporating into the fluid a water soluble salt at a concentration 
sufficient to increase the Shale Stability Index of the fluid but which is insufficient to decrease the thermal stability 
of the fluid. 7 



6. The method of claim 5 wherein the water soluble salt is a potassium salt. 

7. The method of claim 5 wherein the water soluble salt is selected from the group consisting of dipotassium hydrogen 
phosphate, potassium citrate, potassium acetate, potassium carbonate, potassium bromide, potassium nitrate, 
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potass.um oxalate, potassium formate, sodium bromide, cesium chloride, and mixtures thereof. 

8 In an aqueous base well drilling and servicing fluid comprising an aqueous phase, a biopolymer viscosifier, and a 
water soluble polyalkylene glycol shale inhibitor, the improvement wherein the fluid contains an amorphous silica 
v,scosilier in an amount sufficient to increase the thermal stability of the fluid as measured by the low shear rate 
viscosity of the fluid at 0 06 sec" 1 . 

9. The fluid ol claim 8 where.n the concentration of the polyalkylene glycol shale inhibitor is sufficient to provide the 
fluid with a Shale Stability Index of at least about 80. 

10. The fluid of claim 8 or claim 9 wherein the polyalkylene glycol is a polyethylene glycol. 

11. The fluid ol claim 10 wherein the polyethylene glycol has a molecular weight from about 1000 to about 10000. 

12 The fluid of any of claims 6 lo 11 which additionally contains a water soluble salt at a concentration sufficient to 
' increase tne Shale Stab.ity Index of the fluid but which is insufficient to decrease the thermal stability of the fluid. 

13. The fluid of claim 12 wherein the water soluble salt is potassium salt. 

14 The fluid ol claim 1 2 wherein the water soluble salt is selected from the group consisting of dipolassium hydrogen 
phosphate, potassiun- citrate potassium acetate, potassium carbonate, potassium bromide, potass.um nitrate, 
potassium oxalate potassium formate, sodium bromide, cesium chloride, and mixtures thereof. 

15 A well drilling and scrv.cmg fluid comprising an aqueous phase, a xanthan gum biopolymer viscosifier, a starch 
other derivative fluid loss control additive, a water soluble polyalkylene glycol shale inhibitor and an amorphous 
silica viscosifier whoro.n the concentration of the amorphous silica viscosifier is sufficient to increase the thermal 
stability of the fluid as measured by the low shear rate viscosity of the fluid at 0.06-1 , and wherein the concentration 
of the polyalkylene glycol is sufficient to provide the fluid with a Shale Stability Index of at least about 80. 

16. The fluid of claim 15 wherein the amorphous silica is a fumed silica. 
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